One-hundred and seventy-two epidemiologically unrelated herpes simplex virus type 1 (HSV-I) strains isolated in Japan (104 strains) and Sweden (68 strains) were compared by analysis of their genome structures using four restriction endonucleases, BamHI, KpnI, SalI and HindlII. In addition, 32 Kenyan HSV-1 isolates previously compared to Japanese isolates were included for further comparison with the Swedish isolates. Remarkable and statistically significant differences were found between the HSV-1 isolates from the three countries. One-hundred and thirty cleavage sites were examined, and it was shown that isolates from two of the three countries were statistically distinguishable at 27 of these loci. Pairwise comparison between isolates from Japan and Sweden, Kenya and Sweden, and Japan and Kenya revealed variation in 18, 16 and 23 sites, respectively. By considering gains and losses of 19 sites, the total of 204 strains could be classified into 92 distinct cleavage patterns. Isolates from the three countries could be distinguished from each other by the pattern, except for one Swedish and two Kenyan isolates which shared a pattern. Twenty-one fragments that were present or absent only in individual isolates from one or other of the three countries could be detected. These results show that HSV-1 strains from geographically separate countries or anthropologically different races have distinct distributions of endonuclease recognition sites.
INTRODUCTION
Restriction endonuclease (RE) analyses of herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) have provided information on the wide extent of intratypic genetic variation among herpesvirus strains (Hayward et al., 1975; Skare et al., 1975; Buchman et al., 1978 Buchman et al., , 1980 Lonsdale et al., 1979; Maitland et al., 1982; Chancy et al., 1983a, b; Umene et al., 1984) . They have also been used to analyse the transmission and reactivation of the viruses (Linneman et al., 1978; Buchman et al., 1979; Halperin et al., 1980; Hammer et al., 1980; Adams et al., 1981 ; Whitley et al., 1982; Hammerberg et al., 1983; Roizman & Tognon, 1983; Sakaoka et al., 1984 Sakaoka et al., , 1986 . These results show that cleavage site analysis of HSV DNA provides a powerful tool for epidemiological surveys.
Previously, we established a practical method for strain differentiation by using unlabelled DNA from HSV-infected cells (Ueno et al., 1982) . Using this method, we demonstrated that the genomes of HSV-1 isolates from three separate areas of Japan differed significantly (Sakaoka et al., 1985) . We have also detected a clear-cut genetic difference between HSV-1 isolates from Japan and Kenya, which are geographically and anthropologically distant from each other (Sakaoka et al., 1986a) . In the present study, we analysed 104 HSV-1 isolates from Japan and 68
0000-7139 O 1987 SGM
Southern blot hybridization. To analyse the variation of HSV-1 isolates, clones of recombinant plasmids containing HSV-1 (F) BamHl fragments (Post et al., 1980) were used as probes. These clones were provided by B.
Roizman (Marjorie B. Kovler Viral Oncology Laboratories, University of Chicago, Chicago, I11., U.S.A.). The methods for transfer of electrophoretically separated DNA fragments to nitrocellulose and hybridization of 32p.
labelled plasmid probes were essentially as reported elsewhere (Fujinaga et al., 1979) .
Sites for cleavage pattern analysis. Because of the limited capacity of the computer, only the following 19 sites different from standard strain F were selected ( Cleavage pattern analysis by computer. When the same site as in standard strain F was found, the site was coded as 0. Conversely, when a gain of loss at each of the above 19 sites was found, it was coded as 1. When KpnI M was cleaved to ml and m2, and Sail Q was cleaved to q~ and qz, they were coded as 1. When the two fragments were cleaved to m 3 and ma, and q3 and q~, respectively, the sites were coded as 2. The cleavage pattern was determined on the basis of the combination of gains and losses of the 19 sites described above. The frequencies of isolates having each cleavage pattern were analysed by using programs of the KHSPSS system in Hokkaido University Computing Center.
Statistical method. P values were calculated according to Fisher's direct probability test (Snedecor & Cochran, 1980) ,
RESULTS
In order to verify the differences detected in the genome structures between HSV-I isolates from Japan and Sweden, all relevant isolates were compared with standard strain F. The four RE cleavage maps of strain F used for the comparison are presented in Fig. 1 . The position of each RE cleavage site was determined by Southern blot hybridization using as probes clones containing BamHI fragments of strain F. The incidence of variable RE cleavage sites in 104 Japanese, 68 Swedish and 32 Kenyan isolates are shown in Table 1 .
Comparative analysis with BamHI RE profiles of a selection of four representative Japanese and Swedish isolates cleaved with BamHI are shown in Fig. 2 . A fusion fragment A. A', generated by loss of a site between A and A', was detected in Swedish isolate S-2 (marked 1 in Fig. 2) . A Japanese isolate, J-4-16, yielded a novel fusion fragment a2 .A' (1 and 2 in Fig. 2 ), as the result both of cleavage of A into al and a2 and loss of a site between a2 and A'. The frequencies of these site alterations among HSV-1 isolates from the three countries were evaluated by statistical methods (Table 1) . The difference in the frequency of occurrence of fusion fragment A. A' was significant in all three pairwise 
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• " . The numbers under each map indicate the positions of cleavage sites that show variation among HSV-1 isolates from three countries and correspond to the numbered fragments in Table 1 comparisons. The gain of a site in A (2 in Fig. 2 ) was shown not to differ significantly in frequency between Japanese and Swedish isolates, but was statistically different between Japanese and Kenyan isolates as well as between Swedish and Kenyan isolates. On the other hand, a fusion fragment found in J-4-16 (6 in Fig. 2 ) was not found to vary between isolates from the three countries. The appearance of an additional cleavage site within fragment O (7 in Fig. 2 ) was found only among Japanese isolates. Conversely, a fusion fragment T. J' due to the loss of a site between T and J' was detected only in Kenyan isolates. Another fusion fragment W~ K' (3 in Fig. 2 ) occurred only in Japanese and Swedish strains. The two latter alterations were demonstrated with significant differences in incidence between isolates from Japan and Kenya and also between those from Sweden and Kenya, but not between those from Japan and Sweden.
Comparative analysis with KpnI
The KpnI RE profiles of four representative HSV-1 DNAs from Japan and Sweden are presented in Fig. 3 . An intact A fragment as demonstrated in J-4-16 (3 in Fig. 3 ) was present in most of the Swedish isolates. However, in many of the Japanese isolates, this fragment was cleaved into al and a2 (3 in Fig. 3 ) and other fragments, as shown in Table 1 . The P value for the frequency at which this site was gained was the most discriminatory of all features analysed for comparing isolates from Japan and Sweden (P = 8-02 x 10-30). In Japanese isolate J-6-29, the appearance of a2"Y (3 and 4 in Fig. 3 ) was characterized both by the gain of a site in A (A = al + a2) and loss of a site between az (short part of A) and the contiguous fragment Y. The loss of a site between A and Y was found in about half of Japanese isolates but in relatively few Swedish and Kenyan isolates. 6.34 x 10 -9 6"82 x 10 -4 1-49 x 10 -z 3.50 × 10 -3 2.29 x 10 -7 6"45 x 10 -5 2-31 x 10 -4 1-52 x 10 -3 2.31 x 10 -4 8.72x t0 -t7 6"61 x 10 -6 8"72 x 10 -17 6'61 x 10 -6 7.73 x 10-1~ 4.90x 10 -lo 4.35 x 10 -15 2-15 x 10 -6 9-64 x 10 -s 2-58 x 10 -7 2.87 × 10 -8 2.17 x 10 -3 2-01 x 10 -19 2.67 x 10 -3
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The fusion fragments B. L and F. K. Q and F. K resulting from the losses of sites between B and L, and F and K, respectively, were seldom seen in Japanese and Swedish HSV-1 isolates, but were significantly more prevalent in Kenyan isolates (Table 1) . Thus, Japanese isolates seemed to be genetically more related to Swedish isolates than to Kenyan isolates.
No difference among isolates from the three countries was found in the frequency of an intact M. However, in 57 Japanese isolates this fragment was cleaved into ml and m2 with a ratio in fragment length of 2.6 (ml):0.6 (m2) (1 a in Fig. 3) . The same subfragments were found in twothirds of the Swedish isolates. In the rest of the Swedish strains and all Kenyan strains when M was cleaved, it appeared as m 3 and m4 (M = m 3 + m4) with a ratio in fragment length of 1.8 (m3):1.4 (m~) (lb in Fig. 3) .
A fusion fragment O. T (7 in Fig. 3 ) was found only in Japanese isolates, while another fusion fragment P. V (6 in Fig. 3 ) was detected only in Swedish isolates. As shown in Table 2 , individual fragments that were present or absent solely in HSV-1 isolates from one of the three countries could be found. In all of the eight KpnI sites examined, significant differences were found in pairwise comparisons by country of orig~n. and Sweden. The four lanes at the left (J-4-13 to J-4-14) represent Japanese isolates: those at the right (S-2 to S-100) represent Swedish isolates. The fragment nomenclature is that of strain F (Locker & Frenkel, 1979) . Triangles indicate characteristic fragments for these isolates. Arrows indicate the fragments which existed in strain F, but were missing in these isolates. Numbers 1 to 7 correspond to the numbered fragments in Table 1 and with the BamHI map in Fig. 1 . Comparative analysis with Sail The SalI RE profiles of HSV-1 DNAs are shown in Fig. 4 and Fig. 5 . In J-4-12, J-4-16 and J-3-25, four fusion fragments (C. J. K, F-J" K, C. J and F. J), simultaneously originating from losses of sites between C, F and each of the two Js to which they were contiguous, were displayed (1 in Fig. 4 and Fig. 5 ). These losses were more frequent among Japanese isolates than among Swedish and Kenyan isolates.
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A fusion fragment D.I' (4 in Fig. 5 ) seen in K-2, K-18 and K-27 was observed only in Kenyan isolates. Three Swedish isolates, S-22, S-15 and S-100 (8 in Fig. 4) , and a Kenyan isolate (K-l) had an intact G (8 in Fig. 5 ) whereas this fragment in all eight Japanese isolates in Fig. 4 and Fig.  5 was cleaved into ga and g2 (G = gl + g2)-The Swedish isolates had an intact G significantly more often than did the Japanese or Kenyan isolates. Another fusion fragment L. C' (6 in Fig. 4 and Fig. 5 ) was detected only in Japanese isolates (Table 2 ).
An intact Q (7 in Fig. 4 ) was found significantly more often in Swedish and Kenyan isolates. Furthermore, in 57 Swedish isolates Q was always cleaved into ql and q2 (Q = q~ + q2). In twothirds of the Japanese isolates, it was cleaved to ql (7a in Fig. 4 and Fig. 5 ) and q2, and in onethird of them Q was cleaved to q3 (7b in Fig. 4 and Fig. 5 ) and q4 (Q = q3 -t-q4) at another site. The incidence of isolates showing these variations was significantly different in comparisons of strains from each pair of countries.
Three Swedish and four Kenyan isolates in Fig. 4 and Fig. 5 displayed comigration of both N and O (3 in Fig. 4 and Fig. 5 ). However, in all eight Japanese isolates a single fragment was noted at this position and either N or O seemed to comigrate with L. Southern blot hybridization was performed to verify this variation using 32p-labelled BamHI R as a probe (data not shown). From the map positions of the related BamHI and SalI fragments this probe should hybridize to three SalI fragments, i.e. O of the overlapping N and O, the ? fragment, and Z. The results of the hybridization experiment showed that SalI 0 of all four of the Japanese isolates and the Swedish isolate S-86 in Fig. 4 comigrated with the L fragment. Therefore, it was concluded that O was fused to a contiguous fragment designated ? in the SalI map and the fusion fragment O. ? comigrated with L~ although L was fused with C' in three Japanese isolates (J-4-11 in Fig. 4 , J-3-14 and J-3-19 in Fig. 5 ). In Kenyan isolates hybridization showed that the fragment comigrating with L was an additional fusion fragment N.P' (Fig. 6) . Therefore, the fusion fragments comigrating with L may represent either O-? or N-P'. Since analysis of these fragments of the genomes of all the isolates by Southern blot hybridization was difficult, Table 1 presents the numbers of isolates showing loss of the site between O and ?, or that between N and P.
A novel fragment below U (2 in Fig. 4 and Fig. 5 ) appeared, accompanying fluctuation between three comigrating fragments (Y, Z and A' in strain F) and two comigrating fragments. This alteration was more frequent among Japanese than Swedish isolates. A mixture of 32p_ labelled BamHI C and O as a probe was used to verify simultaneously this variation and other variations (C. J. K and C-J, L. C', and N. P') (Fig. 6) . By this method, the fragment below U was H. SAKAOKA AND OTHERS (8) for SalI, and (1) to (3) for HindlII.
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'f P value was calculated by Fisher's direct probability method. :~ Standard strain F was classified into the pattern 92.
found to be a fusion fragment Y. H' (2 in Fig. 4 and Fig. 5 ), as shown in Fig. 6 . Another fragment described previously as a novel fragment below X (Sakaoka et al., 1986a) (5 in Fig. 5 ) was frequent among Kenyan isolates. It was also shown by the hybridization that this was a fusion fragment Z. ?.
Comparative analysis with Hindlll
The variation observed in the HindlII digestion is shown in Fig. 7 . Two Swedish isolates, S-90 and S-82 displayed a fusion fragment composed of standard fragments I and O (1 in Fig. 7) . This was seen at the highest frequency in Kenyan isolates and least often among Japanese isolates. S-84 was characterized by the loss of a site between M and N, giving rise to three new fragments, D. M. N, H. M. N and M. N (3 in Fig. 7) , because of the four equimolar orientations of the L and S segments of the HSV-1 genome. This alteration was found only among Swedish isolates (Table  2) .
Incidence and distribution of variable cleavage patterns of HSV-1 isolates from three countries
We used the numbers 0, 1 and 2 to represent genome structures, and classified the HSV-1 isolates into cleavage patterns using these numbers. For comparison of the genomes by the patterns, three, five, eight and three sites were arbitrarily selected from the BamHI, KpnI, SaII and HindIII maps, respectively (Fig. 1) . Table 3 shows that by this formulation, the 204 strains of HSV-1 from the three countries could be categorized into 92 different cleavage patterns: 27 patterns for the 104 Japanese isolates, 48 patterns for the 68 Swedish isolates and 18 patterns for the 32 Kenyan isolates. In only one case were isolates from more than one country assigned to the same pattern: one Swedish and two Kenyan isolates fell into the pattern 28. Furthermore, the incidence of isolates classified into five of the patterns (10, 31, 41, 60 and 63) was statistically different in comparisons of two of the three pairs of countries. These results show that the genome structures of the HSV-1 strains perpetuated in the population of each country were distinct.
Among Japanese and Kenyan isolates, there were a few dominant patterns which each included comparatively many isolates. For example, Japanese isolates were clustered in patterns 10, 41, 60 and 63. Since patterns 60 and 63 differ by only one site, it was considered that three major pattern types (10, 41 and 60) exist in the population of Japan. Kenyan isolates were also clustered in pattern 31. In contrast, Swedish isolates were distributed rather evenly among 48 patterns. Therefore, it might be considered that a wider range of genetically different isolates has accumulated in the Swedish population compared to the other two.
DISCUSSION
This paper describes the extent of genomic diversity of HSV-1 isolates from human populations of three different countries, Japan (104 strains), Sweden (68 strains) and Kenya (32 strains). The comparison is based on the frequency at which restriction sites were gained or lost, analysed after cleavage with four REs.
The four REs, BamHI, KpnI, SalI and HindlII, were chosen because (i) they generate many HSV-1 DNA fragments (Wilkie et al., 1977; Locker & Frenkel, 1979; , allowing sensitive detection of heterogeneity among isolates, (ii) maps of the HSV-1 genome have been published for these enzymes (Locker & Frenkel, 1979; Davison & Wilkie, 1981) , and (iii) these REs have previously been used to classify HSV-1 strains into subtypes (Sakaoka et al., 1985) .
In comparing HSV-1 isolates from the three countries, genomic variation could be divided into the following categories: (i) loss of cleavage sites between two contiguous fragments, e.g. BamHI A and A', (ii) appearance of additional recognition sites within the fragments, e.g. KpnI ml and mz, or m 3 and m4, and (iii) variable fragment lengths, for instance SalI A in the majority of Kenyan isolates was longer than that in Japanese isolates.
Since gains or losses of cleavage sites are more efficient markers than fragment length (Roizman, 1979; Chaney et al., 1983b; Sakaoka et al., 1985 Sakaoka et al., , 1986 , they were chosen for the comparative analysis of isolates. In addition, the cleavage sites have been shown not to vary in epidemiologically related isolates (Lonsdale et al., 1979 (Lonsdale et al., , 1980 Roizman & Tognon, 1983; Maitland et al., 1983; Sakaoka et al., 1984 Sakaoka et al., , 1986b or in randomly cloned stocks of a single strain (Lonsdale et al., 1980; Davison & Wilkie, 1981; Roizman & Tognon, 1983) . Therefore, it might be reasonable to expect that the similarity in gains or losses of cleavage sites could be of value in defining the genetic relatedness of HSV isolates.
Using a similar approach, Chaney et al. (1983b) reported that HSV-1 strains from five different geographical locations could be significantly distinguished by the frequencies of RE sites. However, the number of isolates in this comparison was too small for definite conclusions to be drawn. In another paper, Chaney et al. (1983a) did not find any difference in the frequency of RE cleavage sites when comparing isolates from two areas of Canada.
Our data from analyses of a number of HSV-1 DNAs clearly demonstrated that the virus populations in widely separated countries had conspicuously and statistically different distributions of cleavage sites. As summarized in Table 2 , in the present study there were 21 particular fragments whose presence or absence was characteristic of the strains from one particular country. For example, fusion fragment L.C' in the SalI digest was specific for Japanese isolates and occurred at a relatively high frequency. Neither intact G and intact Q in the SalI digest nor fusion fragment I. O in the HindIII digest was detected in Japanese isolates, whereas these were found in the majority of Swedish and Kenyan isolates. On the other hand, Swedish isolates were characterized not only by the presence of P. V in the KpnI digest and M-N in the HindIII digest, but also by cleavage of Q into ql and q2 and not into q3 and q4 by the SalI digestion.
Twenty-seven RE sites were found whose frequency differed significantly in pairwise comparisons, two countries at a time. Of these, 18 differed significantly between the Japanese and Swedish sets, 16 between the Swedish and Kenyan sets, and 23 between Japanese and Kenyan sets. Therefore, it seems reasonable to assume that the Kenyan and Japanese isolates were most different, and that the Swedish isolates were similarly related to both of the other sets.
The above results also suggest that changes of 2.3% [(18 x 100)/(6 x 130)] in genomic sequences may exist between the genetically most distinct HSV-1 isolates from Japan and Sweden, assuming one base mutation in six occurs to establish or abolish the cleavage at 130 sites including eight sites newly cleaved. The corresponding estimate for divergence of Swedish and Kenyan strains was 2-1%, and for Japanese and Kenyan strains 3.0%. However, these values may vary with the kinds and numbers of REs that are used.
Using 19 sites, individual isolates were classified into cleavage patterns, as simple representations of HSV-1 genome structure. This formulation was used to represent site alterations by a combination of cleavage sites, whereas the above comparison examined vertically the frequency of only a single site in the cleavage pattern. Two-hundred and four strains from the three countries were classifiable into 92 distinct cleavage patterns. The existence of such large numbers of patterns seems to suggest that alteration of sites has occurred randomly and independently. Also, it was found that isolates from the three countries could be completely distinguished from each other by their pattern, with the exception of pattern 28, to which one Swedish and two Kenyan isolates were assigned.
Since knowledge of the locations of HSV-1 genes is now extensive (Wagner, 1985) , it would be of interest to determine whether the observed alterations of sites are related to particular gene functions, for instance sensitivity to viral inhibitors and production of viral glycoproteins.
The 104 Japanese isolates were classified into only 27 patterns. Thus, compared with the sets from the other two countries, Japanese isolates seemed to be genetically more homogeneous. However, three major patterns (10, 41 and 60) of genetically distinct HSV-1 could be detected among these strains. We previously classified Japanese isolates into eight subtypes (A to H) on the basis of the gain or loss of specific sites (Sakaoka et al., 1985) . Patterns 10, 41 and 60 correspond to subtypes C, H and A, respectively, which were dominant (Sakaoka et al., 1985) . We consider that the previous subtype classification of HSV-1 was not fundamentally inconsistent with the present classification by cleavage pattern.
Since the Japanese, Swedish and Kenyan peoples have inhabited their countries for a considerable period of time and belong to the Mongoloid, Caucasian and Negroid races, respectively, this investigation might imply that distinctly different HSV-1 strains have been perpetuated and accumulated in these three human types. HSV has the property of becoming latent after primary infection and transmission may be limited mostly to reactivation of virus in HSV carriers and to a relatively restricted area, because of the non-'epidemic' nature of HSV infection (Roizman, 1979 (Roizman, , 1980 . It might therefore be suggested that the virus strains have evolved independently in geographically separated hosts.
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